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Abstract

The use of cognitive-enhancing drugs by healthy individuals has been a feature for much of recorded history. Cocaine and amphetamine are modern
cases of drugs initially enthusiastically acclaimed for enhancing cognition and mood. Today, an increasing number of healthy people are reported
to use cognitive-enhancing drugs, as well as other interventions, such as non-invasive brain stimulation, to maintain or improve work performance.
Cognitive-enhancing drugs, such as methylphenidate and modafinil, which were developed as treatments, are increasingly being used by healthy
people. Modafinil not only affects ‘cold’ cognition, but also improves ‘hot’ cognition, such as emotion recognition and task-related motivation. The
lifestyle use of ‘smart drugs’ raises both safety concerns as well as ethical issues, including coercion and increasing disparity in society. As a society,
we need to consider which forms of cognitive enhancement (e.g. pharmacological, exercise, lifelong learning) are acceptable and for which groups

under what conditions and by what methods we would wish to improve and flourish.
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Ancient legends described humans striving for self-improvement
in areas such as immortality, excellence in sport or in rhetorical
competitions (Gordijn, 2015). Today, self-enhancement can be
observed in many domains: the use of cosmetics or cosmetic sur-
gery to improve appearance, the use of interventions aiming at
improving brain function and cognitive performance, also called
neuroenhancement, and using doping for improving physical
performance in athletics. This chapter aims at giving an overview
of the recent history of neuroenhancement with a particular focus
on ethical questions of neuroenhancement.

Historically, tonics, herbs and other substances have in many
cultures been used to improve general strength and endurance.
Some examples are ma huang (Ephedra vulgaris) in China, Khat
(Catha edulis) in Northern Africa, and coca (Erythroxylon coca)
in South America (Angrist and Sudilovsky, 1978).

Cocaine and amphetamine are modern cases of drugs initially
enthusiastically acclaimed for enhancing cognition and mood.
But in both cases, these initial Golden Periods were followed by
a painful sobering, with the social and health—economic conse-
quences still visible today. We want to portray these two, surpris-
ingly parallel, stories shortly and then discuss the lessons learned
(and further to be learned) from this from a regulatory and ethical
perspective on the discussion on cognitive- (and mood-) enhanc-
ing drugs today.

At least since the 6th century AD, coca leaves have been
chewed in South America (Petersen and Stillman, 1977), initially

for spiritual purposes and then as a resource to improve work
performance in arduous circumstances (Petersen and Stillman,
1977). For various reasons (limited cocaine concentration in
leaves, bitter taste), ‘overindulgence’, overdosing, or clear abuse
and dependency in that population are rare (Carroll, 1977). In the
mid-19th century (1870s and 1880s), researchers in North
America and Europe isolated the main active ingredient, cocaine,
and tested its effects in animals and humans, including in soldiers
in Bavaria (Freud, 1885; Petersen and Stillman, 1977). In the
influential essay ‘On Coca’, Sigmund Freud (1885: 298-304)
praised cocaine as having a stimulating and enhancing effect, in
part from his own experiences, and generally downplayed or
even negated side effects, stating a desire to take higher and
repeated doses. Freud recommended cocaine as a stimulant to
enhance and maintain physical and mental performance. He
also recommended it for various mental problems, including
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hypochondria, depression, as an aid for withdrawal from mor-
phine and alcohol, as an aphrodisiac, as well as for multiple other
ailments (Freud, 1885). In the late 19th century, to a greater
extent in America than in Europe, cocaine consumption quickly
increased (Coca Cola as ‘brain tonic’, patented combinations
such as red wine and coca marketed as ‘Vin Mariani’; Musto,
1989; Petersen and Stillman, 1977), in particular by athletes to
enhance performance (Grinspoon and Bakalar, 1981). Initially,
some cases of chronic cocaine abuse were reported, leading to
early laws regulating cocaine and other drugs (Musto, 1989).
Around 1900, the problem of cocaine abuse became increasingly
apparent, resulting in reports about an ‘epidemic’, such that at the
beginning of the 20th century, national and even international
laws regulating the access to opium and cocaine were established
(Goldstein et al., 2009).

In the case of amphetamines, the story is very similar
(Rasmussen, 2011): in the late 1920s, amphetamine’s anti-asth-
matic effect was discovered, quickly followed by its mood
enhancing and stimulating effect. In the 1930s, students in the
United States used it as a ‘pep pill’, while it was used as a ‘confi-
dence drug’ in the United Kingdom. Cyclists replaced cocaine
with amphetamine, leading to amphetamine’s way as a perfor-
mance enhancer. Around the start of the Second World War, mili-
tary leaders were looking for a drug to reduce the effects of
fatigue, to improve alertness and to enhance performance,
although caffeine was available. Amphetamine improved the
decline in performance normally seen over time, especially on
repetitive or tedious tasks, possibly including improvements in
motivation. In parallel, soldiers in the British Royal Air
Force (RAF) were already unofficially using amphetamine
(Benzedrine®), and officers were recommending its use particu-
larly due to the increase in morale and aggression. In early 1942,
the RAF recommended a dose of 10 mg Benzedrine for each mis-
sion. The British Army also ordered Benzedrine for the troops
fighting in El Alamein, recommending a dose of 20 mg/day for
five consecutive days (November 1942). Although a US Army
report in 1941 found no superiority of amphetamine over caffeine
and warned of the risk of habit formation, amphetamines were
endorsed in 1942 as performance enhancers for aviators and offi-
cially approved in 1943. The US Army and US Air Force were at
that point already buying amphetamines in bulk and supplying
them to ground forces and aviators by the beginning of 1943,
with the US Navy following a few months later. There were no
official restrictions and recommendations about the maximal
dosage in the United States. Military purchases in the United
States continued during both the Korean (1950-1953) and the
Vietnam War (1955-1975), and some authors claim that the US
military still uses amphetamines (Bower, 2003). The Japanese
military uses it ‘to inspire the fighting spirits’ (Rasmussen, 2008).
However, the German military, which had already been using
methamphetamine (Pervitin®) in 1939, stopped military con-
sumption by the end of 1940 and classified amphetamine and
methamphetamine as dangerously addictive narcotics in
1941/1942. In the United States, the misuse of amphetamine
pills, as well as the contents of amphetamine inhalers, started to
come to the attention of researchers, doctors, and authorities at
the end of the 1940s, with the main groups being World War 11
(WWII) veterans and some subcultures (beatniks etc.; Rasmussen,
2008). In the 1950s, the use of amphetamine increased steadily,
also enhanced by the effort of pharmaceutical companies to

widen the ‘medical’ indications from narcolepsy, depression, and
Parkinson’s disease to conditions such as anhedonia and obesity,
although with rather loose regulatory oversight (Rasmussen,
2008). In parallel, the reports on negative effects such as addic-
tion and psychotic effects increased (Rasmussen, 2008). But it
took until the late 1960s for regulations on amphetamine distri-
bution to be introduced in both the United States (Comprehensive
Drug Abuse Prevention and Control Act, 1970; Drug Abuse
Control Amendments, 1965; Rasmussen, 2008) and the United
Kingdom (Medicines Act, 1968; Misuse of Drugs Act, 1971).

One historical case in which a politician has admitted to using
pharmacological ‘helpers’ such as barbiturates and ampheta-
mines to be able to fall asleep and to be fit the next day again is
the former British prime minister Anthony Eden, and this was
shown to have affected his decision-making.

These two stories of cocaine and amphetamines may already
evoke some feelings of déja vu: A substance aimed at improving
human mental and physical performance was used widely before
the negative long-term effects and risks became apparent.
Following a number of serious incidents due to a lack of or insuf-
ficient safety testing, in particular after the thalidomide disaster,
strict drug regulations procedures have been developed to ensure
safety standards before approval and to monitor adverse effects
after approval (Rédgo and Santoso, 2008). However, these regula-
tions apply primarily to drugs intended for the medical treatment
of disorders rather than for cognitive enhancement in healthy
people.

External means to enhance oneself

Today, the use of external means to enhance oneself can be
observed in many domains, such as in the use of cosmetics or
even cosmetic surgery to improve appearance or the use of inter-
ventions aimed at improving brain function and cognitive perfor-
mance, also known as ‘neuroenhancement’ or doping in athletics.
At a basic level, interventions to enhance cognition include edu-
cation, good sleep (quality and quantity), physical exercise, med-
itation, and nutritional methods (nicotine, coffee, tea, vitamins
and food constituents, and supplements; Lieberman, 2003). At a
more specific level, neuroenhancement includes primarily phar-
macological interventions, also called ‘smart drugs’, but also
transcranial electrical stimulation methods which repeatedly
make it into the headlines of the media (e.g. ‘Electrical brain
stimulation beats caffeine — and the effect lasts longer’, Sample
(2014), or ‘Can Electric ‘Brain Training’ Devices Make You
Smarter?” Alsever (2015)), and app-based brain training
(Sahakian et al., 2015). Historically, research into the effects of
pharmacological substances on mental functions began in the
early 19th century (Badiani, 2015), although systematic research
only began around the beginning of the 20th century (Badiani,
2015). With the discovery of the performance-enhancing effects
of amphetamine in the 1930s came their use in the military in
WWII (Bower and Phelan, 2003; Rasmussen, 2011; Tracey and
Flower, 2014). After the negative effects of these stimulants, par-
ticularly addiction/dependency and psychoses, became apparent
in the 1960s (Bell et al., 2012), the next big wave of pharmaco-
logical agents aimed at improving cognitive performance tar-
geted the cholinergic system with a focus on memory (Drachman
and Sahakian, 1980; Muramoto et al., 1979), resulting in tacrine
as the first acetylcholinesterase inhibitor (ACHEI) approved for
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use in Alzheimer’s and dementia (Eagger et al., 1991). In recent
years, the range of interventions aimed at or used for improving
cognitive function has broadened considerably, now including
methylphenidate, modafinil, and other drugs acting on pathways
involving dopamine, noradrenaline, acetylcholine, glutamate,
histamine, melatonin as well as glucocorticoids, and immune-
modulating agents (Fond et al., 2015). Furthermore, some authors
include so-called ‘soft enhancers’ such as caffeine, nicotine, food
supplements as well as over-the-counter drugs within the field of
neuroenhancement (if it is taken to enhance cognitive perfor-
mance, e.g. Maier et al., 2015b). In addition, as mentioned above,
methods to directly modulate brain activity, as well as app-based
training, are increasingly investigated, marketed, and used to
improve cognition.

Nowadays, the exact numbers of healthy people, that is, peo-
ple not diagnosed with a measurable disorder or deficit, using
prescription drugs to enhance cognitive functions are unknown.
However, a recent survey of 15 countries reported that the use of
cognitive-enhancing drugs was on the increase (Maier et al.,
2018). The United States had the highest use of stimulant drugs,
such as methylphenidate, while the United Kingdom had the
highest use of modafinil (Maier et al., 2018). Surveys indicate
smaller percentages in the general population as compared with
university surveys. This likely reflects the fact that people wish to
enhance features that they value or which will lead to success, for
example, knowledge in a knowledge-based economy. Estimates
in the general population are typically between 3% and 5% (Dietz
etal., 2013; Emanuel et al., 2013; Maier et al., 2013; Singh et al.,
2014; Smith and Farah, 2011; Webb et al., 2013, but see also Low
and Gendaszek, 2002), but there is a considerable degree of
uncertainty. Two recent studies in students at secondary schools
and university students in Switzerland found higher rates of life-
time use of prescription drugs of 9% and 7%, respectively, for
cognitive enhancement (Liakoni et al., 2015; Maier et al., 2015a).
A recent report issued by one of the big German health insurers
reported findings from a representative population survey (5017
people, aged 20-50years, Kordt, 2015): 6.7% of the respondents
reported the life-time use of pharmacological neuroenhancement
(previous report (2009): 4.7%), of which 3.3% reported improv-
ing work-related performance as their motivation and 4.7%
aimed at improving mood and anxiety. However, the authors esti-
mate the true use to probably be considerably higher than reported
and may be as high as 12%, but underreported due to response
bias. The estimated 1year prevalence was 5.8% with 63% of
users reporting regular, more than once a month intake. Work
environments with high prevalence were characterized by high
pressure (serious consequences due to small mistakes), a require-
ment not to show emotions and working at the limit of capabili-
ties. In summary, this report showed an increasing frequency of
the use of pharmacological substances with the aim of improving
work-related performance, which amounts to up to 5 million
people in Germany (population: 82.6 million). In parallel, pre-
scription rates of stimulants (including methylphenidate, dexam-
fetamine, atomoxetine, and modafinil) in England (population 54
million) have been rising steadily from about 220.000 in 1998 to
460.000 in 2004 to 1.160.000 in 2014 (The Health Social Care
Information Centre, 2015), corresponding to an increase of 150%
(methylphenidate alone increased from 360.000 to 922.000,
i.e. +156%), of which modafinil (+212%) and atomoxetine
(+668%) showed the strongest proportional increases. For

modafinil, there are estimates of around 90% ‘off-label’ use
(Vastag, 2004). According to a UK report from the Academy of
Medial Sciences, a small percentage increase in cognitive per-
formance can be associated with significant improvements in
functional outcome in school, university or in a workplace envi-
ronment (Academy of Medical Sciences, 2012). This might be
the reason for Duke University’s prohibition of the use of pre-
scription drugs by students without authorized prescription
(Duke University, 2014), classifying it as ‘cheating’ in the cate-
gory ‘academic dishonesty’. Healthy people are also using drugs
to enhance creativity at work. An increasingly popular phenom-
enon reported in the media is ‘microdosing’ — taking minute
quantities of psychedelic drugs such as p-lysergic acid diethyla-
mide (LSD), psilocybin, or mescaline every few days to enhance
cognitive function, perception and creativity (https://the
conversation.com/Isd-microdosing-is-trending-in-silicon-valley
-but-can-it-actually-make-you-more-creative-72747).
Anecdotal evidence suggests that under pressure to perform,
professionals are microdosing psychedelics to enhance perfor-
mance at work, gain a competitive advantage, stay focused, and
manage stress. Some find that microdosing psychedelics along-
side certain prescribed medications, such as stimulants for atten-
tion deficit hyperactivity disorder (ADHD), has allowed them to
reduce the dose and associated unpleasant side effects of their
prescribed medications. Other people report general positive
health effects, such as managing anxiety, sleeping better, eating
more healthily, and exercising more (Sahakian et al., 2017).
However, without any laboratory tests into the effects of micro-
dosing as of yet, the evidence is purely anecdotal and the effects
—short and long term — remain unknown. Furthermore, since pur-
chasing LSD is illegal, determining what is being purchased and
at what dose is problematic. Those who microdose incorrectly
risk having unwanted, full-blown trips or even experience
unpleasant trips. There are some reports of psychosis-like symp-
toms in certain vulnerable individuals who use LSD recreation-
ally. The use of cognition-enhancing drugs by healthy people
also raises safety concerns, given that users often report purchas-
ing drugs from the Internet. This is alarming because manufac-
ture and supply may not be subject to the same regulatory controls
and some of the smart drugs advertised over the Internet have not
been tested in humans.

When considering the ethical aspects of neuroenhancing
interventions, there are a couple of important questions:

First, we need to know whether and to what extent these inter-
ventions work, and what their side effects may be, that is, the
question of safety and efficacy or benefit versus risk. This ques-
tion is not only of individual and societal interest, but also has
particular implications for regulatory and policy making deci-
sions. Until now, the evidence for the benefits of cognition-
enhancing interventions is mixed, with many studies having
relatively small sample sizes and results showing different effect
sizes across cognitive domains (e.g. meta-analysis on modafinil
by Battleday and Brem (2015), on methylphenidate by Ilieva
et al. (2015) and Linssen et al. (2014)). Furthermore, the tests
used in many of the studies are not designed and validated to
measure differences in healthy subjects but instead are designed
to measure deficits in patients with neuropsychiatric disorders
compared to a normal population. Therefore, some of the studies
suffer from ceiling effects and might underestimate the effects of
cognitive enhancers. Furthermore, there are no studies
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investigating the long-term effects of cognitive enhancers in
healthy people, where effects such as habituation or even a poten-
tiation of the beneficial effects, as well as different side effects
(mental, somatic), compared to a single dose could be detected.
Surveys or other long-term follow-up observational studies, sim-
ilar to the monitoring of side effects in place for pharmacological
agents used as treatments, would be suited to assess long-term
side effects. In addition to pure cognitive effects, studies should
also investigate affective, motivational, and social—cognitive pro-
cesses such as the greater task-related motivation reported with
modafinil (Muller et al., 2013). The same holds true for the elec-
trical stimulation methods such as transcranial direct current
stimulation (tDCS), in which there is uncertainty about the mech-
anisms and effects on cognition (e.g. Coffman et al., 2014; Parkin
et al., 2015). Although there are some positive reports and even
higher hopes (Coftfman et al., 2014; Shin et al., 2015), there are
also very critical reports showing, if any, only a weak effect in
healthy people (Parkin et al. (2015), potential negative effect
(Steenbergen et al., 2016), and meta-analysis (Horvath et al.,
2015), but see criticism in Price et al. (2015).

A particular safety concern is the use of cognitive enhancers
in healthy children and adolescents, whose brains are still in
development. Improving cognitive abilities could help to reduce
the impact of, for instance, poverty or low socioeconomic status
or other adverse childhood events on the development of cogni-
tion and academic achievement (Dadvand et al., 2015; Hackman
etal., 2010, 2014), which would in turn enable children subjected
to these influences to buffer them or to compensate for them, thus
allowing for a better educational and social outcome at school.
Furthermore, cognitive improvements in childhood could
increase the educational outcome and improve socioeconomic
situations later in life as a small percentage increment in perfor-
mance can considerably improve functional outcome, such as a
better grade at school (Academy of Medical Sciences, 2012).
Due to the higher plasticity of the child and adolescent brain, any
cognitive-enhancing interventions can be expected to have
stronger effects than in adult brains, as seen in the beneficial
effects of enriched environments and exercise (Hamilton et al.,
2014). From an ethical perspective, however, this higher plastic-
ity also reflects a higher vulnerability to potential side effects,
particularly as there is much less research on cognitive enhance-
ment in healthy children (but cf. experience in ADHD, e.g.,
Coghill et al. (2014), discussion about side effects by Ptacek
et al. (2014)). For instance, methylphenidate treatment in chil-
dren with ADHD may negatively impact on growth in height
(Graham et al., 2011). Other even more relevant ethical consid-
erations include the limited capacity to consent, the developing
autonomy and personhood in children (Graf et al., 2013), and the
potential for even higher peer, academic and parental pressure in
childhood and adolescence. In this situation, parents can have
multiple roles, such as the child’s advocate and surrogate deci-
sion-maker, the overprotective parent with a tendency to medi-
calize deviations from a putative ‘norm’, but also the child’s
academic driver, setting high expectations and defining standards
(Graf et al., 2013). Due to their still developing autonomy and
capacity to understand and weigh risks and benefits, children
are typically more sensitive to implicit and explicit coercion such
as peer pressure and competition, as well as due to parental
expectations (Greely et al., 2008; O’Leary, 1993). In reality,
however, the prevalence of the use of neuroenhancing drugs in
adolescents (grade 8—12) is rather similar to the prevalence in

adults (5%—10% use in the last 12 months), with sources mainly
consisting of friends and relatives (Johnston et al., 2015).
Nonetheless, research should be done very cautiously, and regu-
latory authorities should protect children and adolescents from
interventions to which they cannot legally consent and whose
consequences no one can accurately estimate without sufficient
scientific evidence.

Yet another area of neuroenhancement is the improvement of
mood and affect on one hand Schermer, 2015) and of social(-cog-
nitive) skills on the other hand (Patin and Hurlemann, 2015). Both
consist of areas in which the borderline between treatment of pos-
sibly unrecognized problems and enhancement of healthy and
well-functioning people might be more blurred than in the field of
cognition (Farah, 2012). The ability to change one’s feelings and
moral and social behaviour might sound even more profound and
intrusive than improving one’s memory or being more attentive
for longer periods. The reason for this is that mood, aftect, and
social-cognitive skills are typically understood as components
defining a person’s identity and authenticity (Schermer, 2015).
However, the reality of what is currently possible and what
enhancers such as antidepressants or drugs such as the so-called
trust-hormone oxytocin can actually do is much less colourful and
clear. In healthy people, a single application of oxytocin not only
improves the recognition of happy faces but also that of fearful
and angry faces (Shahrestani et al., 2013). Moreover, in addition
to increasing pro-social behaviour, oxytocin can also increase
aggressive behaviour (Mitchell et al., 2015). In the area of antide-
pressants, there was initially historical hope of a ‘happiness pill’,
but in general, the mood-enhancing effects of chronic antidepres-
sant intake in healthy people are at best weak, although there are
relatively few studies investigating this. The best evidence shows
a possible effect in decreasing negative affect but not clearly
increasing positive affect (De Jongh et al., 2008; Knorr and
Kessing, 2010; Repantis et al., 2009). All these meta-analyses and
reviews, however, support the general safety of these drugs with
respect to side effects and adverse events. But overall, the evi-
dence in this field is much weaker than in the field of cognitive
enhancement, emphasizing the need for more well-designed stud-
ies to enable an evaluation of the use of pharmaceutical enhancers
of mood and affect regarding safety, efficacy, and general ethical,
moral, and societal questions.

Finally, one general ethical question relates to the definition
of neuroenhancement and whether it differs to treatment in a
medical sense. This definitional aspect has multiple implications
(e.g. regulatory, policy, funding). In the case of neuropsychiatric
disorders, it is generally accepted to use drugs or other interven-
tions in order to cure or ameliorate symptoms, such as cognitive
deficits, to enable affected people, which are usually defined as
patients (as they fulfil or fulfilled criteria for a medically defined
diagnosis) to participate in society, for example, education or
work. Enhancement, however, is usually understood as aimed at
improving cognition in otherwise healthy people. The definition
of improvement is in this case already a rather difficult one,
because of the problem of defining normal compared to the usu-
ally better accepted definition of deficit in neuropsychiatric dis-
orders (although this definition usually relies on a statistically
defined normal performance, termed norms). These two defini-
tions are often not clearly differentiated. Returning to the defini-
tion of neuroenhancement: At present, it is not clear how and by
how much neuroenhancing interventions can improve cognition
in relation to an individual’s normal or optimal performance.
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When is a generally healthy person performing at their best?
From an empirical perspective, there are a couple of general ‘life-
style’ methods that can contribute to reaching optimal cognitive
performance by improving general wellbeing, such as sufficient
and good quality sleep, physical activity, healthy lifestyle and
nutrition, positive social interaction and enrichment (Kent et al.,
2015; Llewellyn et al., 2008; The Government Office for Science,
2008). Cognitive-enhancing drugs, particularly modafinil, tend
to show stronger and more robust effects when they are used to
mitigate negative effects such as sleep deprivation (e.g. Flindall
et al., 2016; Gurtman et al., 2008; Killgore et al., 2009; Sugden
etal., 2011, review in Repantis et al., 2010) or when they are used
to maintain performance for longer than normal duration in sub-
optimal circumstances or in participants with lower baseline per-
formance (e.g. Agay et al., 2014). The effect size in healthy
people who are not sleep-deprived is moderate (Nicholson et al.,
2015) and indeed task-related motivation can be improved.
Besides these questions about the safety and efficacy of neuroen-
hancers and other methods to restore and improve cognitive per-
formance, an ethically more relevant question relates to when it
would be ethically acceptable to use neuroenhancers: For
instance, to overcome tiredness or jet-lag or to be able to perform
well at the end of a night shift, so to restore or maintain his or her
‘normal’ performance? However, might someone in an environ-
ment where a single error could have serious consequences such
as the death of people be asked to or feel compelled to exhaust all
available options to prevent such errors? Could employers or
regulators offer cognitive enhancers instead of improving work-
ing conditions to mitigate the effects of stress or long hours at
work? What if someone uses cognitive enhancers to get an
advantage over a competitor, for instance, in a test at school or
university? There are situations in which a single exam result
could potentially have important consequences for one’s future
career options, which could make the use of neuroenhancers a
rather tempting choice. How does this compare to the use of per-
formance-enhancing substances in sport, which is usually
referred to as doping and is prohibited (see above, Duke
University’s regulation on this issue)? How could the use of such
methods change the competition and the expected performance
levels in such tests? In many test situations, it is not only the
absolute performance but also the comparison to class mates,
which are both similarly relevant as outcome measures. The use
of cognitive enhancers could then shift the whole class to higher
levels of performance, making it rather normal to use them and
ultimately have potentially coercive effects due to peer pressure.

However, what is the difference between cognitive-enhancing
drugs compared with tutoring, computer- or app-based training
or other non-pharmacological training methods? From a cogni-
tive perspective, the effect size of training can be comparable to
pharmacological enhancers (Anguera and Gazzaley, 2015; Green
and Bavelier, 2015), although there could be a trade-off between
extended times spent in front of a computer and less time spent
doing physical exercise and social interactions. Intuitively, one
might say that compared to training, pharmacological enhancers
count as ‘cheating’. This might be due to the wider availability
and the concept that achieving something by training is consid-
ered deserved and therefore more authentic than the intake of a
drug, which is perceived as easier and therefore cheating (Buyx,
2015). However, one could also argue that the availability of
training, tutoring, high-quality and well-balanced nutrition, and
other cultural and social enrichment (or the lack thereof) is one of

the main reasons for the well-known cognitive and emotional
developmental deficits due to low socioeconomic status
(Hackman et al., 2010, 2015; Larson et al., 2015; Noble et al.,
2015). Although these factors are often seen as circumstances,
rather than as interventions, the effects are widespread, affecting
cognition, mental health, brain development, and academic
achievement (Hackman et al., 2010). So, from an empirical
descriptive perspective, one could say that low and negative soci-
oeconomic circumstances are toxic for cognitive development or
performance and that the beneficial effects of high socioeco-
nomic status are comparable to neuroenhancement (see also the
extensive literature of the effects of enrichment on cognition
(Clemenson et al., 2015; Kelly, 2015) and brain volume in mice
(Garthe et al., 2016) and humans (Erickson et al., 2011; however,
see also Young et al., 2015). This thought experiment (supported
by neuroscientific evidence) is considered here to stimulate the
discussion about ethical issues in cognitive enhancement which
sometimes seem to make categorical differentiations between
interventions that are seen as ‘artificial’ and unauthentic and
interventions which might not even be considered cognitive
enhancing, but do have these effects. From a public health or
preventive medicine perspective, one could also consider cogni-
tive enhancers as empowering people to perform well, particu-
larly in stressful environments, and therefore protect them against
the negative effects of stress on mental and physical health.
However, a very liberal use of these methods could increase
expectations and demands and as a consequence increase stress
and the implicit or even explicit need for cognitive enhancement,
resulting in a spiral of performance enhancement and demands
and an exploitation by employers. In comparison, the improve-
ment or enhancement achieved with training methods such as
brain training apps might be more sustainable, more balanced,
and therefore potentially less prone to spiralling out of control as
they are more influenced by individual motivation and time spent
training as well as a general healthy and balanced lifestyle.
What can and should neuroscience contribute to the discus-
sion about the neuroethics of cognitive enhancement?
Neuroscience should deliver the scientific evidence in regard
to effects and side effects of interventions aimed at enhancing
cognition by rigorously testing them. This also includes the
development of tasks suitable to detect even small changes in
normal to high performing healthy individuals as well as of meth-
ods to measure the transfer of learned skills into other domains as
well as effects of enhancement on everyday functioning. Tests of
‘cold’ and ‘hot’ cognition as well as creativity and motivation
(Roiser and Sahakian, 2013; Sahakian and Labuzetta, 2013)
should be assessed (see Figures 1 and 2). This rigorous research
should then result in balanced evidence-based information
regarding the safety and efficacy of a given intervention, which
then informs potential ‘users’, the media, policy makers, and
regulatory authorities. One requirement for this is that neurosci-
entists have access to substances and other methods aimed at
enhancing cognition and are able to test their effects without fac-
ing restrictive regulatory hurdles, while keeping the ethics of
human research in mind. Furthermore, it is important to assess
whether drugs such as modafinil with relatively low side effects
and no demonstrable abuse potential are safe and effective for
healthy people to use in the long term. Neuroscientists should,
however, also acknowledge the limitations of knowledge and
methods and proceed with caution in regard to neuroenhance-
ment methods used, particularly in the healthy. From this
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Healthy Cold Cognition and Cognitive Control:
Deliberative (Top-Down) and Automatic (Bottom-Up)

bottom-up
processing
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Figure 1. Normal ‘cold’ cognition in non-depressed individuals. ‘Cold’
(emotion-independent) cognition is instantiated via a complex set of
circuits, including interactions (blue arrows) between the dorsolateral
prefrontal cortex (DLPFC), the dorsal anterior cingulate cortex (ACC), and
the hippocampus (H). Limbic structures connected to DLPFC, ACC, and
H, such as the amygdala (A), the nucleus accumbens (NAcc), and the
subgenual portion of the ACC (sgACC) may also be activated during cold
cognition, but are more strongly engaged during ‘hot’ (emotion-laden)
cognition (Figure 2). Monoamine neurotransmitter (NT) projections
(purple arrows) emanating from the brainstem, including serotonin
(5-HT), norepinephrine (NE), and dopamine (DA), may influence cold
cognition via modulatory actions in cortical and subcortical regions. Note
that most circuit nodes and connections are excluded in this and later
figures for clarity, and that some connections may be indirect.

Healthy (Positively Biased) Hot Ce and Emot I R
Deliberative (Top-Down) and Automatic (Bottom-Up)

; :
L DLPFC !

s, -

positive hot
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expectations,

Figure 2. Normal positively biased ‘hot’ (emotion-laden) cognition in
non-depressed individuals. Hot cognition is instantiated by circuits
including interactions (green arrows) between limbic regions including
A, NAcc, and sgACC, the activity which is profoundly modulated

by 5-HT, NE, and DA. These regions share reciprocal connections

with DLPFC, ACC, and H, and consequently hot and ‘cold” (emotion-
independent) cognition necessarily interact (for example, motivation
alters ostensibly cold cognitive test performance). Non-depressed
individuals exhibit positive (green arrows) bottom-up (perceptions/
experience) and top-down (expectation) biases, providing resilience to
adverse events. Abbreviations and indications to colour as in Figure 1.

perspective, neuroscience should engage in ethical and societal
discussions, with an overall focus on benefitting society, reduc-
ing harm, and unwanted consequences in order to help society
flourish and individuals realize their potential.
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